Infectivity titers were determined for eight Chlamydia pneumoniae strains simultaneously grown in serum-free and serum-supplemented cell culture media. Use of serum-free medium resulted in a 10-to 50-fold increase in the susceptibility of HL cells to chlamydial infection. Comparative primary isolation of a wild-type strain also produced higher inclusion counts in a serum-free environment. Serum-free cultivation is recommended to increase the efficiency of C. pneumoniae isolation from clinical material and to permit elementary body purification without interference caused by serum components.
Chlamydia pneumoniae is considered an important pathogen associated with approximately 10% of pneumonia cases and possibly other infections (8, 10, 11) . Cultural detection of C. pneumoniae, based on specific immunofluorescence staining of chlamydial inclusions in host cells in several cell culture passages, is strongly impeded by long duration and frequent loss of chlamydial viability (12, 13, 15, 19) . Therefore, diagnosis commonly has to rely on serological results that often remain ambiguous; the genus-specific complement-fixation test mostly remains negative in cases of reinfection, and the species-specific microimmunofluorescence test is usually not available for routine serological testing and is often of limited value for a rapid diagnosis because of the frequent absence of immunoglobulin M and the generally late onset of antibody production (4, 8, 9, 12) . Continuous improvements of isolation procedures are mandatory for appropriate diagnosis and early induction of therapy. The first cell strain considered suitable for C. pneumoniae cultivation, HeLa 229 (13), was commonly used for several years. Recently, HL cells have been reported to be distinctly superior in their susceptibility to chlamydial infection (5, 15) , but the search for more suitable cell lines is still ongoing (19, 21) . Apart from the host cells used, many other environmental factors add to the success of C. pneumoniae isolation and are to be assessed in any cultivation system. One factor known for its stabilizing effect on the extracellular survival of C. pneumoniae is fetal calf serum (FCS), the common eucaryote growth-promoting component of cell culture media (20) . Current isolation procedures use FCS-supplemented media for transport of clinical samples, maintenance of infected cells, and growth of host cells prior to infection. However, growth of chlamydiae depends on selective inhibition of the host cell metabolism, commonly achieved by cycloheximide addition to media (18 titers (17) were calculated as the mean of three titrations. The differences between the titers obtained by use of the two chlamydial isolation media for each strain were tested for significance in a nonparametrical one-tailed Wilcoxon signed rank test. In order to exclude lot-specific effects of FCS on chlamydial isolation, sera from two other suppliers (ICN Pharmaceuticals Inc., Irvine, Calif., and Sera-Lab Ltd., Crawley Down, England) were tested as described above with strain CWL-029.
To evaluate the efficiency of serum-free growth for the primary isolation of C. pneumoniae, 1.8-ml portions of the bronchoalveolar lavage material which had yielded MUL-1 were centrifuged for 30 min at 20,000 x g, 5°C, and the pellets were cultured in 0.2 ml of serum-free or serumsupplemented isolation medium. Procedures for infection of monolayers followed essentially the protocol described above, but after 3 days of incubation, infected monolayers were disrupted and chlamydiae were propagated for a total of five tissue culture passages. For each passage and isolation medium, a monolayer was immunofluorescence stained, and the inclusion-forming units (IFU) were counted.
Mean TCID50s of the eight C. pneumoniae strains simultaneously grown in serum-free and serum-supplemented chlamydia isolation media are given in Table 1 . For all strains tested, use of serum-free chlamydia isolation medium resulted in increased titers. The average increase in host cell susceptibility resulting from the use of serum-free medium was 22-fold. Strain CWL-029 growing in isolation media supplemented with sera from two additional suppliers gave no significant differences from the results from the serum lot used throughout this investigation. The differences between mean TCID50 titers obtained with the two chlamydial isolation media for the examined strains were significant in the Wilcoxon test (P c 0.01). Table 2 shows the number of IFU counted per monolayer in the course of five cell culture passages for strain MUL-1, for which primary isolation was attempted simultaneously in serum-free and in serum-supplemented isolation media. In the absence of serum, a few IFU were already seen in the first passage. When serumcontaining medium was used, development of IFU could be observed no earlier than in the third passage and in numbers appearing distinctly lower than those in serum-free medium.
In spite of the strong genomic homogeneity among C. (20) , its addition to chlamydial isolation medium apparently decreases cultural recovery rates. Like most common cell lines, HL cells do not grow in serum-free medium because the withdrawal of undefined but essential growth factors, otherwise provided by FCS, adversely affects their metabolism. However, cell viability can be maintained without FCS for approximately 1 week, sufficient time for chlamydial replication. Improved growth of C pneumoniae in serum-free medium may be based on a synergy between serum starvation and the eucaryote cytostatic effect already exerted by cycloheximide, which is thought to result in better provision of host cell energy and nutrient pools for chlamydiae (16) . FCS withdrawal appears as a useful support for the cycloheximide-mediated cytostasis without having a lethal effect on the host cells. Few data for serum influence on chlamydial growth are available. Evans described the suppressive activity on Chlamydia trachomatis growth of a single batch of FCS thought to be caused by inhibition of cycloheximide activity (7). In our investigation, two additional sera from different suppliers were tested to exclude the possibility that the effects observed were simply due to a single uncommon serum lot, but independent of the sera used, isolation efficiencies were distinctly inferior to C. pneumoniae growth occurring in a serum-free environment. Regarding Chlamydia psittaci infection, the susceptibility of formerly nonsusceptible unirradiated McCoy cells resulting from the use of aged sera was noted (1), an effect that also may have been due to a reduced ability to promote eucaryotic cell metabolism of outdated serum lots. (20) . To gain a maximum of viable elementary bodies, it may be of advantage to harvest culture supernatants containing elementary bodies released early once or twice before final disruption of the host cells to obtain the intracellular chlamydiae. Harvesting released elementary bodies also lessens the concentration of host cell products, making full use of the lower protein content in a serum-free medium and further reducing a possible interference by nonchlamydial components in immunological studies. In this respect, mass cultivation systems which can produce the high quantities of chlamydiae necessary to make this important pathogen more accessible to immunological and molecular biological study are also much needed. Improvement of culture conditions for C. pneumoniae is furthermore needed for the evaluation of molecular biological detection techniques such as polymerase chain reaction, which has been noted to detect 25% more C pneumoniae-positive specimens than culture methodology does (8) . Without comparison with a valid standard like cultural isolation, interpretation of the results produced by these highly sensitive techniques will remain difficult, as false-positive signals cannot be ruled out.
In spite of growth-enhancing serum-free culture procedures, other recent improvements in isolation protocols, and assessments of new cell lines (5, 15, 19, 21) , culture of C. pneumoniae is still far from optimal, and a major breakthrough remains yet to be achieved. However, the advantage of serum-free growth of C. pneumoniae is not only an enhanced sensitivity but also an elementary body production for research purposes in the absence of the largely undefined components of animal sera. On the basis of this investigation, use of serum-free chlamydial isolation medium can be recommended to improve C. pneumoniae recovery in diagnostic microbiology laboratories.
